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Abstract
Most field trials conducted in New Zealand for
a s s e s s i n g  p a s t u r e  p l a n t  s u l p h u r  ( S )
requirements use the mowing and clipping
return technique without the inclusion of
grazing animals. A rotational grazing
experiment and a field plot trial were conducted
on a Templeton silt loam soil (Udic  Ustochrept)
in Canterbury using radioactive ‘5-labelled
fertilisers to examine the effects of grazed sheep
on the plant availability and cycling of applied
S fertilisers. An additional plot trial was
conducted to determine leaching losses of
“S-labelled  urine applied to pastures.  The
results obtained showed that maximum 3sS
concentrat ion in pastures treated with
elemental S occurred 3 months earlier in the
grazed trials compared with that of ungrazed
plots .  This increased herbage S was also
reflected in the wool “‘S of ewes which grazed
the pastures.  In addit ion,  the amount  of
residual elemental S remaining in the soil after 3
months of its application was- significantly_
lower in grazed than in ungrazed pastures.
These results suggest that grazing animals
enhanced the plant availability of elemental S
probably because of the effects of animal
trampling and the return of animal faeces.  It
was also found that about 36-44% of the
applied “S fertilisers and up to 68% of the
applied urinary ‘5 were not recovered in the
soil within one growing season in the field.
__ Thus grazing animals enhanced not only the
availability of elemental S, but were also
responsible for substantial losses of S from
pastures through animal excreta.  The present
data suggest that field trial results obtained
from mowing plot trials without the inclusion
of grazing animals are unlikely to assess
adequately the plant availability of elemental S.
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Introduction
Sulphur (S) fertiliser requirements of grazed pastures
are known to be affected by the extent and rate of S
cycling in the soil-plant-animal system (Till et al.
1987). The effects of grazing animals in affecting
pasture S requirements have been recognised  in the
MAF  S model (Sinclair & Saunders 1984),  but the
quantitative data available to account for these
effects are limited (Sinclair 1983); and there are no
published data on the effects of grazing animals on
the plant availability of elemental S, which is
becoming an important S fertiliser in the current
trend of using high-analysis phosphatic fertilisers
with low S content.
The main objective of the present study was to,
investigate the impact of grazing animals on the plant
availability of fertilisers containing sulphate
(gypsum) and elemental S in intensively grazed
irrigated pastures in Canterbury.
Methods
A rotational sheep grazing experiment (annual- -stocking  rate  25 stockunitdha-  -with- .an  annual
pasture utilization of 90%) and a field plot trial were
conducted at the Templeton Research Station (MAF
Technology, Lincoln) on a Templeton silt loam soil
(Udic  Ustochrept). The site was on a well-improved
irrigated pasture which has been regularly topdressed
with superphosphate fertiliser for 15 years.
On each of these trials, gypsum and elemental S,
both labelled  with ?S radioactive tracer (3.97 m Ci/g
S) applied at 25 kg S/ha were evaluated together with
the control (zero S fertiliser) in a randomised
complete block design with 4 replicates per
treatment. Irrigation water was applied  under a
roster system with a minimum return period of 21
days. Soil herbage  samples were collected
periodically from the grazed and ungrazed field plots
throughout the year. Wool production was
monitored at 3-monthly intervals. Soil, herbage  and
wool samples were analysed  for S and radioactive
IS.  The amount of residual elemental S remaining in
the field soil throughout the year was also
determined.
181
Figure 1 Concentrations of “ S in pasture herbage from ungrazed plot trial (0-Q)  and from grazed pastures collected
before ( l ---- l ) and after (o -0) each grazing in treatments which have received “S-labelled  elemental sulphur.
An additional field experiment was conducted to
determine the extent of losses of sheep urinary S
under field conditions by applying 1800 ml of
35S-IabeIled  urine (1300 pg  S/ml and 250 @i/gS) to
field plots (60 cm x 60 cm). This rate is equivalent to
the reported rate of 150 ml of urine deposited on a
urine patch of 0.030 m* (Quin 1977). Irrigation was
applied to the plots whenever the available soil
moisture in the top 45 cm soil depth was at less than
25%. Soil, herbage  and plant roots were collected
periodically and analysed for S and ‘YS.
Results and discussion
Plant sulphur in grazed and angrazed  plots
Maximum ‘IS concentration of herbage  occurred 3
months earlier in grazed plots than in ungrazed plots
(Figure 1) after the application of 35S-labelled
elemental S fertiliser. In addition, in ungrazed plots
the amount of “S uptake by plant herbage  was lower
in treatments receiving elemental S than gypsum
(Figure 2),  up to 3 months after the start of the trial,
whereas no such difference was found in the grazing
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Figure 2 Amount of ‘3 uptake in pasture herbage from ungrazed plot trial receiving gypsum (A) and elemental sulphur
Kl).
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Figure 3 Concentration of ‘5  in wool from sheep grazed pastures treated with gypsum (A) and elemental sulphur (Cl),
trials (results not presented). These results suggest
that the presence of grazed animals enhanced plant
uptake of elemental S.
Wool  su lphur
The increase in plant “‘S  concentration (Figure 1) was
reflected in wool lJS concentration (Figure 3) of ewes
that grazed the pasture. Except for the period
between 80 and 150 days after ‘5 fertiliser
application, the incorporation of “S into wool was
similar in grazed treatments receiving elemental S
and gypsum. This suggests that grazing animals also
enhanced wool S incorporation from elemental S
through the trampling effect of grazing animals or
the return of animal excreta on the oxidation of
elemental S to the plant-available soil sulphate form
for plant uptake. These effects are likely to occur in
grazed pastures, since Burns (1967) in his review has
Figure 4 Amount
(0)  plots.
of residual elemental sulphur fertiliser remaining in soils after its application to grazed (0)  and ungrazed
Table 1 “ S recovery (070) in soil, root and herbage of pasture plants after different periods of fertiliser application in the
grazed trial.
“ S recovery (070)
Months after
‘5 application
1
3
5
8
1 0
LSD (PcO.05)
Treatment
Sampling months
Treatment x sampling
Soil
73.2
58.7
43.1
33.8
28.4
2.4
3.6
5.5
G y p s u m Elemental sulphur__
Root Herbage Total Soi l Root Herbage Total
4.1 14.3 91.6 89.2 4.6 12.6 106.4
N A 3.8 62.5 66.6 N A 9.7 76.3
2.5 1 . 5 47.1 48.6 3.2 2.2 54.0
2.7 1.1 37.6 36.4 2.4 2.1 40.9
2.3 0.7 31.4 29.8 2.2 0.4 32.4
0.4 0.3 0.5
0.5 OS 0.5
0.8 0.9 0 . 9
NA = not applicable
shown that the mixing of elemental S with soil
provided higher elemental S oxidation than a surface
application of elemental S. In addition, the returns of
animal excreta have been found to modify the
microbial population, soil pH  and soil nutrients
(Ndayegamiye Jr Coyte 1989),  and elemental S
oxidation has been shown to be influenced by soil pH
and soil nutrients (Bloomfield 1967; Wainwright
1984).
Residual soil elemental sulphur in grazed and
ungrazed plots
A significantly lower amount of residual elemental S
remained in the soil (O-75 mm) of grazed than of
ungrazed plots (Figure 4). This difference was most
evident in the 3 months after elemental S application,
thus showing that the applied elemental S was more
rapidly oxidised in the presence of grazed animals.
Thus the presumed slow-release elemental S was as
effective as the rapid-release gypsum in the grazed
trial. This is probably due to the effects of the return
of animal faeces and animal trampling thereby
inproving contact between elemental S particles and
the soil. Both these effects could have led to
enhanced microbial oxidation of elemental S in the
soil of grazed pastures.
Recovery of %
After one growing season (10 months), only 56 to
64% of the applied S fertiliser were recovered in the
soil, root and herbage  of pasture plants in the grazed
trial (Table 1). This suggests that a substantial
amount (about 3644%) of the applied fertilisers was
lost in the grazed plots by leaching or excreta
transfers to animal campsites or both.
The above data support recent results reported in
North Island hill country (Lambert  ef al. 1988;
Saggar et al. 1990) and in the long-term Winchmore
trial (Nguyen & Goh 1990) which showed that regular
annual applications of superphosphate fertiliser to
pastures did not lead to a continued increase in the
accumulation of soil organic S in low sulphate-
retentive soils. A substantial amount to the applied S
was unaccounted for and was postulated to have
been lost through leaching. Thus applications of S
fertilisers above the required maintenance level was
unwise.
There was no significant difference in “ S recovery
between elemental S and gypsum at 10 months after
fertiliser application (Table l), further supporting the
observation that both these fertilisers behaved
similarly in the grazed trial.
Losses of urinary ‘Y3
Only about 32% of the applied urinary YJ was
recovered in the soil, root and pasture plant herbage
at 270 days after urine application (Table 2). Thus a
substantial amount (about 68%) of urinary S was
subjected to leaching losses in the low sulphate-
retentive Templeton silt loam soil.
Conclusions
Results from the present study show that grazing
animals play an important role in the cycling of S in
grazed pastures. They influenced significantly the
availability of S from fertilisers applied to pasture
plants and also losses of fertiliser S from the soil-
plant-animal systems.
The exclusion of grazing animals in field trials is
therefore unlikely to assess adequately the
availability of elemental S to pasture plants. Future
research aims at determining the plant availability of
elemental S-based fertilisers should be conducted in
the presence of grazing animals since both animal
trampling and the return of animal excreta may
modify the oxidation rate of elemental S. Any
Table 2 “ S recovery (Vo)  in soil, root and herbage  of
pasture plants at different sampling periods (days) after
application of 3JS-labelled  urine.
“ S recovery (%)  at different sampling
Components periods (days)
a n a l y s e d 48 75 215 270
Soil 68.2k4.1 28.3k2.4  NA 22.6k3.5
R o o t s 3.4kO.9  3.7k0.8 NA 2.7kO.5
Herbage 2.9kO.5  2.6kl.l 0.3kO.I I.OkO.1-
184
variation in this oxidation rate may subsequently
affect plant S uptake and hence the overall S cycling
in grazed pastures. Applications of S fertilisers above
the maintenance level are likely to lead to substantial
losses of S from the soil-plant-animal systems in low
sulphate-retaining soils,
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